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SUMMARY 
The term xenia is used in its broadest sense to designate any im-
mediate effect of a foreign pollen parent on non-maternal tissue of 
the kernel. This includes both embryo and endosperm; the pericarp 
together with diminutive remnants of the seed coats and nucellus being 
solely maternal tissue and only indirectly affected by xenia. The em-
bryo and endosperm inherit identical genetic constitution through 
meiosis and double fertilization, except that their tissues are 2n and 3n 
respectively. Since the progeny plant is merely a continued develop-
ment of the embryo, both are genetically alike. 
Following fertilization, the growth rate of the endosperm greatly 
exceeds that of the embryo in early developmental stages. At the age 
of two weeks the embryo, endosperm, and pericarp of representative 
moisture-free kernels of dent corn ( Iebraska White Prize), comprised 
0.7, 86.4, and 12.9 percent, respectively, of the entire kernel weight. 
This compares with IO.O, 81.9 and 8.1 percent at the end of 4 weeks, 
and 9.7, 84.3, and 6.0 percent at maturity seven weeks after fertiliza-
tion. 
The ratio of embryo to endosperm weight is influenced genetically, 
and also by the favorableness of growth conditions which affect their 
food supply. Except for a brief period of IO to 15 days of initial de-
velopment within the nucellus, which they digest and consume, the 
embryo and endosperm do not compete for a common food supply. 
Throughout the greater portion of their growth period, the embryo 
gains its subsistence directly from the substance of the endosperm, 
which in turn is directly dependent upon translocation from the 
vegetative parts of the plant. 
The ratios of their respective growth rates and mature weights may 
be modified as a xenia effect by specific genes contributed by the 
pollen parent. Because of the nursling character of the embryo, its 
combined weight with that of the endosperm is regarded as giving a 
better measure for studying hybrid vigor than does either one alone. 
When reported in terms of mature kernel weight, the true xenia 
effects are merely diluted somewhat by inclusion of the pericarp, 
which as an average comprises only about 6 percent of the kernel 
weight. 
The genetic and physiologic significance of the xenia effects on 
kernel weight of mature corn has been investigated. Such effects are 
due to one or more of three causes introduced by the pollen: ( 1) change 
in hybrid vigor of the non-maternal tissues, which may be related to 
the action of either chromosomal dosage or specific genes, (2) change 
from recessive to dominant endosperm type with its accompanying 
physiological effects, and (3) quantitative (size) inheritance. Effects 
of the latter usually are inconsequential in magnitude and are estab-
lished only with extreme precision of technic. 
Difference in the h ybrid vigor of kernels, resulting as a xenia effect, 
gains expression most strikingly in the form of difference in mature 
weight when the kernels occur in compet1t10n on the same ear or 
plant. During growth the more vigorous kernels withdraw from the 
stalk more than their pro rata share of the limited supply of solutes 
which it affords. Thus, their gain is at the expense of the less vigorous, 
and in some of these tests the one offset the other so that, no matter 
what the proportion of each class of kernels, the mean weight of all 
kernels per plant remained fairly constant. 
In other experiments in which the kernels differing in hybrid vigor 
occurred with only their own kind on separate but otherwise com-
parable plants, variable results have been obtained at maturity. In 
two such tests, using a heterogeneous pollen-parent on an inbred line 
and F1 single cross, both classes of kernels have weighed essentially 
alike, indicating that the mean kernel weight per plant was limited by 
the avai lable nutrient supply within the stalk rather than by the 
capacity of the kernels to utilize the available supply. Such results also 
were reported by Kempton and McLane ( 13). In still other well-
founded data reported herein, and by Groszman and Sprague (9) and 
Leng (22), it is indicated beyond doubt that certain inbred lines and 
hybrids used as pollinators may increase the kernel weight and others 
may reduce it, even when the kernels are grown as uni form, non-
competitive flora on different but genotypically similar plants. These 
changes may result from the action of specific dominant genes or from 
chromosomal dosage effects. 
A change in endosperm type from recessive to dominant as an im-
mediate effect of crossing is accompanied by increased weight of ma-
ture kernels whether the pure and crossed kernels under comparison 
are competitive on the same plant or occur separately on distinct but 
genetically comparable plants. Sweet and waxy kernels outcrossed by 
starchy are characterized by a reduced percentage of water-soluble 
carbohydrates. This results in greater translocation from the stalk 
and leaves, and indirectly stimulates increased net carbon-assimilation 
by the plant. Total fodder yield may also be increased. 
Through specially designed yield tests, it is found that xenia effects 
involving change of primary-endosperm type bring about materially 
increased yield of grain per plant and per acre, whereas mere changes 
in the hybrid vigor of kernels may or may not have such yield effects. 
The acre-yield of sweet corn was increased an average of 27 .2 percent 
during 3 years as a xenia effect of out-crossing by dent. Likewise, waxy 
corn responded with a 3.3 percent increase in grain yield. 
The weight differences of competitive kernels that are related to 
hybrid vigor were compared with yield-per-acre differences between 
progenies that represent degrees of heterozygosity similar to those of 
the kernels. Dominant growth-genes proved additive in their effect, 
both on the non-maternal tissues of the seed and the progeny tissues. 
The magnitude of changes in weight of competitive kernels roughly 
approximates 20 to 40 percent as large as that of progeny yields of 
grain per acre. To illustrate: the comparative grain yields of F2 
single-, double-, double-double, and 16-line hybrids were, respectively, 
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34.6 percent, 20.4 percent, 14.4 percent, and 5.2 percent below the F 1 ; 
whereas corresponding weight reduction of competitive kernels were 
6.8 percent, 3.3 percent, 2.8 percent, and 2.2 percent. 
Comparing the kernel-weight effects of selfing vs. sibbing, the re-
sponses are alike in homozygous and F 1 single-cross populations be-
cause all the plants are genetically alike; but in F1 balanced hybrids 
involving 4-, 8-, or 16-lines, the sibbed kernels are heavier, and the 
spread between selfed-and sibbed-kernels increases in inverse ratio to 
the number of lines involved. This is clearly in accordance with the 
theory of the additive effect of dominant genes. 
We are confronted with the serious question of whether compara-
tive varietal yield tests may be subject to a material error resulting 
from the xenia effects of intercrossing among normal lines, hybrids 
and varieties which does not occur in commercial fields planted to an 
individual hybrid. 
All tests indicate that the acre yields of recessive-endosperm types 
would be excessively high if outcrossed by dominant-endosperm types. 
The substance of the added grain yield arises from increased trans-
location and also from the indirect stimulation of net photosynthetic 
output. 
The conclusions are less positive where the xenia effects are due 
entirely to change of hybrid vigor, without change of primary-endo-
sperm type. Intercrossing open-pollinated varieties has seldom shown 
significant xenia effects on competitive kernel-weight and there seem 
to be no records of such effects on the yield of grain per acre. With-
out kernel-weight effects there can be no yield-per-acre responses. On 
the other hand, some lines and hybrids have responded materially to 
increased hybrid vigor of their kernels, and some have not. Whether 
there can be such response would seem to depend upon the presence 
of an adequate supply of water-soluble solutes in the stalk to support 
additional kernel growth. The amount of such reserves appears to be 
influenced both by the favorableness of environmental growth-condi-
tions and the xenia effects on rate and duration of translocation to 
the kernel during its active development. 
It is concluded that at least some lines and F 1 hybrids may respond 
with higher yields of grain per acre and others with lower yields when
outcrossed in varietal tests than when sib-pollinated as in commercial 
production-fields. Further studies need to be made to establish the 
universality of such yield effects and the physiology involved. 
Data reported clearly indicate that hybrid vigor of an F 1 progeny 
is not related to initial difference in size of seed planted. They are 
interpreted in support of the theory that hybrid vigor is related to 
both the number and the importance of specific, dominant growth-
genes. The effect is additive, and it is immaterial whether the homolo-
gus gene-pairs in the sporophytic tissues are homozygous or hetero-
zygous. 
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The Significance of Xenia Effects on 
the Kernel Weight of Corn 
T. A. Kiesselbach 
OBJECTIVES 
The purpose of this paper is to appraise the xenia effects of the 
pollen parent on the kernel weight of corn (Zea mays L.), and to inter-
pret so far as possible their genetic, physiologic and applied signifi-
cance. The conclusions will be based on local experiments and a re-
view of the literature. 
In published investigations the early interest (14) centered largely 
on the comparative weights of differentially-fertilized, competitive 
kernels located on the same ear. In more recent years some compari-
sons also have been reported in which the classes of kernels subject to 
unlike fertilization were non-competitive, being borne separately on 
individual plants of similar genotype. Both kinds of experiments are 
needed for a complete understanding. The data concern the immedi-
ate effects of the pollen parent on (1) gross kernel weight, (2) embryo 
and endosperm weights, (3) yield per plant and per acre of the cur-
rent crop, and (4) yield per acre of the progeny crop. 
NATURE OF XENIA EFFECTS ON KERNEL WEIGHT 
It will help in understanding the problem and the experimental 
results if certain basic information is presented at the outset, even at 
the risk of later repetition. This concerns the cytologic, genetic, ana-
tomic and physiologic relationships involved. 
Cytology. The direct effects of pollen are naturally limited to the 
embryo and endosperm (Fig. 1) as these are the sole products of double 
fertilization. Because of meiosis immediately preceding formation 
of the embryo sac and pollen, the embryo and endosperm of a kernel 
are genotypically alike except for their respective 2n and 3n chromo-
some numbers. This difference results from the fusion of one female 
gamete (the egg) with a sperm in formation of the zygote, whereas 
two such gametes (polar nuclei) fuse with the second sperm in forma-
tion of the primary endosperm nucleus. The kernel pericarp, being 
maternal tissue, may be affected passively to only a small degree in 
adjustment to the growth of the non-maternal tissues. Inconspicuous 
remnants of the integuments and nucellus are ignored in these kernel 
considerations. 
For the sake of brevity, these direct responses to pollen may be 
referred to as xenia effects. Although not universally so regarded (4 
and 25) this is in accordance with the definition of xenia in its broad-
est sense (12 and 18), applying to all non-maternal tissue of the seed 
and therefore to both the embryo and endosperm, and collectively 
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Fig. l. Vertical section of a ma-
ture kernel of corn showing the 
non-maternal tissues (embryo 
and endosperm) enclosed by the 
pericarp which is the trans-
formed ovarywall of the mother 
plant. Top: photograph x 3. 
Right: drawing x 7. Under a va-
riety of circumstances, the non· 
maternal tissues are subject to 
change in weight as an imme-
diate xenia-effect of fertilization 
by foreign pollen, which may or 
may not affect the yield of grain 
per plant or per acre. 
also to the kernel. When reported in terms of kernel weight, the true 
xenia effects are merely diluted somewhat by inclusion of the pericarp 
which comprises only about six percent of the weight of the entire 
kernel and gives merely indirect response . Such kernel weights do not 
distinguish between independent effects of specific genes on the em-
bryo and endosperm. 
Genetics. The embryo is genetically identical with the progeny 
plant and therefore is subject to the same well known growth response 
to gene-dominance, called hybrid vigor. This may differ as to degree, 
however, due to specific gene-action or other causes. Hybrid vigor is 
regarded as dependent upon the interaction of dominant growth-
genes, part of which were obtained from each of the two parents. Ac-
cording to most widely accepted theory, its magnitude is related to 
both the number and the importance of the specific dominant-genes 
present in the chromosome complement, and it is immaterial whether 
in homozygous or heterozygous condition. Thus, hybrid vigor is an 
expression of increased dominance with respect to growth factors 
(genes) rather than of increased heterozygosity. Although there is not 
complete unanimity as to causal relations (8, 10 and 12), heterosis 
does not appear to be a particularly suitable term as a synonym for 
hybrid vigor as it tends to stress the importance of increased heterozy-
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gosity rather than increased dominance. Heterozygosity is not bio-
logically an essential adjunct of vigor, but is an accompanying condi-
tion in the gene manipulation needed to establish maximum domin-
ance (18). 
Since the endosperm inherits the same genes as does the embryo, 
there is a random tendency for it to have a fairly similar degree of 
growth vigor, which is strongly suggestive of the additive effects of 
dominant growth-genes. Certainly, specific genes may affect the de-
velopment of one more than the other, and this modifies their weight 
ratios. This has been demonstrated for various line-combinations in 
data presented by Ashby (2) , Groszman and Sprague (9), Paddick and 
Sprague (23) , and Kiesselbach (14). Action of one such specific gene 
is seen in the change from heterozygous sweet to starchy endosperm as 
a direct pollen effect, with a striking increase in weight of endosperm 
but with little or no change in that of the embryo (14) . There may be 
a question whether increase in weight due to change in primary endo-
sperm type should be classed under hybrid vigor, as it probably re-
presents no direct heritable increase in number or size of cells. For 
the sake of clarity, this distinction between the effects of change in 
hybrid vigor and those resulting from a change in primary-endosperm 
type will be retained throughout this bulletin. 
In spite of its double complement of genes received from its ma-
ternal parent, the endosperm is subject to only about the same degree 
of hybrid vigor, in the aggregate, as is the embryo with its single dose 
of maternal inheritance. This is supported by Nebraska data (14) in 
which the competitive kernels, embryos, and endosperms of 19 inbred 
dent-lines averaged, respectively, 10.l , I 1.8, and 10.4 percent heavier 
when crossed than when selfed. These relative responses may vary as 
a result of specific gene effects. 
Inbred lines may differ specifically in their xenia effect on rate 
of moisture loss and on earliness of kernel maturity as shown for the 
line R 4 and other dent lines by Dessureaux, Neal, and Brink (7 ). Leng 
(22) observed a striking difference between dent lines in their xenia 
effect on kernel weight. This was attributed to "dominant or partially 
dominant genes which affect specific phases or processes of kernel 
development." A depressing weight-effect was especially notable for 
R 4 used as a pollen parent. This effect of R 4 pollen is substantiated 
by data herein reported. 
Quantitative (size) inheritance also may gain a slight expression 
in the development and weight of kernels, embryos, and endosperms. 
Insofar as possible, the various xenia effects on kernel weight re-
ported will be classified as to whether caused by additive action of 
dominant genes, or by specific dominant genes. 
Anatomy. Information as to the source of food supply for the de-
veloping embryo and endosperm is of interest in any attempt to ex-
plain the degree of parallelism or divergence in the growth rates and 
final weights of the embryo and endosperm of com. Neither of these 
parts has a direct vascular connection with the flower stalk or pedicel 
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through which their food supplies during growth are translocated from 
the cob. The zygote and primary-endosperm nucleus are imbedded 
within the nucellar tissue of the ovule. During their early growth 
stages, the endosperm and embryo digest and consume all the nucellar 
tissue except the outer wall of its epidermis, which, according to 
R andolph (24), becomes transformed into the semipermeable mem-
brane. 
The basal cells of the endosperm become specialized for absorption 
and conduction and lie in contact with the placental cells of the 
carpal. This provides for the interchange of materials through the 
ch alazo-placental r egion (20) of the ovule. In pro-embryo and early 
embryo stages (18), the suspensor is closely surrounded by highly pro-
toplasmic conducting cells of the basal endosperm tissue and un-
doubtedly functions in absorption from them. By about mid-growth 
of the embryo, the suspensor becomes a m ere vestigial structure. There-
after, the scutellum or cotyledon is the specialized digestive and ab-
sorbing organ of the embryo, and by close contact draws directly upon 
the endosperm for susten ance. Thus, the r elationship between these 
two m ain kernel parts m ay not b e regarded as one of active competi-
tion for a common food supply. Their growth rate and mature size 
tend to b e genetically controlled; but their combined development may 
be limited also by the food supply provided by the maternal sporo-
phyte. Although they inherit identical growth-factors, their weight 
ratio m ay vary with the relative demand of the embryo for the limited 
food . Specific gene combinations which give either a high or low germ-
endosperm ratio are regarded by Groszmann and Sprague (9) as con-
tributing "competitive supremacy" to one or the other of these kernel 
parts as the case m ay be. 
It h as not been experimentally determined, but seems probable, 
that the embryo and endosperm may progress unrestrictedly in their 
early growth rates in accordan ce with their heritable vigor so long as 
the food supply is adequ ate for the full development of bo th, and 
then vary later with a disproportionate utilization by the embryo. 
H ybrid vigor of the kernels as a xenia effect m ay gain full expression 
in th e earlier growth stages but finally fail a t approaching maturity 
under conditions of stress, because of inability of the m aternal sporo-
phyte to provide the needed food supply for continued m aintenance 
of the accelerated growth rate. Because of this intimate nutritional 
relationsh ip, perhaps the combined weight of the endosperm with its 
nursling embryo (4) gives the bes t measure for appraising the addi-
tive effects of dominant gen es. 
Physiology. Xenia weight-effects resulting from a change in primary-
endosperm type are concern ed with genetic ch anges in the percentage 
of water-soluble carbohydrates contained within the endosperm. 
For the purpose of this study there are three primary-endosperm 
types, viz. , starch y, waxy, and sweet or sugary. Sweet is recessive to 
waxy and starchy, whereas waxy is recessive only to starchy. The 
chemical differences may be illustrated by three representative varie-
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ties reported by Culpepper and Magoon (6): At a comparable active-
growth stage, 30 days after fertilization , the total carbohydrate content 
of the moisture-free grain of Early Adams (dent), waxy maize, and 
Stowell Evergreen (sweet) was, respectively, 73, 76, and 74 percent. In 
the respective types this consisted of 6, 4, and 12 percent sugars; 6, 13, 
and 51 percent water-soluble polysaccharide; and 88, 83, and 37 per-
cent insoluble polysaccharide. 
Fertilization of both sweet corn and waxy corn by starchy produces 
starchy kernels that are low in water-soluble carbohydrates. On the 
other hand starchy corn remains starchy when outcrossed by either 
sweet or waxy and the carbohydrate content of its grain goes without 
material change. So far as is known complete chemical analyses of the 
carbohydrates of such outcrossed kernels have not been reported in 
the literature nor have they been made in connection with these ex-
periments. Such analyses would be helpful in determining the extent 
to which these kernel-weight effects associated with a change in endo-
sperm type may involve all the water-soluble carbohydrates of the 
grain. It appears probable that the effects of outcrossing sweet and 
waxy by starchy include a marked increase in the conversion of water 
soluble carbohydrates into insoluble starch as well as affecting some-
what the character of starch itself in case of waxy corn. Although the 
controlling genes are universally spoken of as starchy, waxy, and 
sugary, these endosperm characters may be merely the expressions of 
the enzyme-complexes which are directly controlled by the respective 
genes. 
GROWTH-RATE OF KERNEL AND ITS PARTS 
The comparative growth-rates of the corn kernel and its parts were 
determined at weekly intervals (Table I) from fertilization to m a-
turity. The data are based on carefully dissected, JOO-kernel samples 
prepared weekly by compositing 10 kernels taken centrally from each 
of JO ears of the open-pollinated dent variety, Nebraska White Prize, 
grown in a favorable season. 
The endosperm evidently makes a far more rapid early growth than 
does the embryo. By the encl of the second week after fertilization 
(Table J) the embryo had gained only 0.89 percent of its mature, 
moisture-free weight, compared with 12.0 percent for the endosperm. 
At close of the fourth week, 53 percent of the mature embryo weight 
had been acquired, compared with 50 percent for the endosperm. At 
maturity, the pericarp, embryo, and endosperm comprised 6.0, 9.7, 
and 84.3 percent of the moisture free weight of the kernel, in contrast 
with 12.9, 0.7, and 86.4 percent two weeks after fertilization. 
It is reasoned that in its early development, the endosperm draws 
heavily on the stored food reserves of the stalk whereas embryo growth 
is retarded until an abundant food reserve becomes available for it in 
the endosperm. Following the second week when 12 percent of the 
mature kernel weight had been made, the embryo grew at an acceler-
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Table I. Progressive development of the corn kernel under field conditions.1 (Ne-
braska White Prize Dent Corn) 1924. 
H arves ted Mo isture- free weights for 100 kernels 
Weeks E ntire kernel Peri car p Endosp erm Embryo 
a fter 
fe rtili - D ate I R ela ti ve I R elat ive I R elati ve I R ela t ive zation Actu al Actu al Actu al Actual 
Gms. Pct . Gms. Pct. Gms. Pct. Gms. Pct. 
I 7 / 28 .734 2 .1 80 10 .550 2 .004 0.13 
2 8/4 3.916 12 .506 27 3.383 12 .027 0.89 
3 8/ 11 7.104 23 .766 41 5.878 22 .460 15 
4 8 / 18 16.1 94 52 l .320 70 13.256 50 1.61 8 53 
5 8 / 25 24.095 77 1.533 81 20.060 76 2.502 82 
6 9 / 1 28.488 91 1.624 86 24.002 91 2.862 94 
Ripe 9/ 8 31.43 1 100 1.890 100 26.504 100 3.037 100 
H arves ted R ela ti ve weights of kernel parts 
E mbryo a nd endosperm weig ht 
re lati o nships 
W eeks 
I I I I 
T otal wt. I R a tio emb. , R a tio after Enti re 
fer tili - D ate Peri carp Endosperm Em br yo kernel embryo & to total wt. emb . to 
zatio n endosperm emb. & end . endosperm 
Pct . Pct . Pct. Pct . Gms. Pct . Pct . 
I 7 / 28 24.5 74.9 0.6 100 0.554 0.722 0.727 
2 8 / 4 12.9 86.4 0.7 100 3.410 0.792 0.799 
3 8/ 11 10.8 82.7 6.5 100 6.338 7.258 7.826 
4 8 / 18 8.1 81.9 10.0 100 14.874 10.878 12 .206 
5 8/25 6.4 83 .2 10.4 100 22.562 11.089 12.146 
6 9/ 1 5.7 84.3 10.0 100 26 .962 10.61 5 18.755 
Ripe 9/ 8 6.0 84.3 9.7 100 29.541 10.28 1 14.586 
1 Da ta based on 100 kernels, 10 from each of JO ears h arvested at seven su ccessive weekl y 
in tervals after fert il iza ti on. 
a ted rate a t the expense of the endosperm. Other comparisons m ay 
b e m ade by reference to the table. 
EXPERIMENTAL PROCEDURE 
T h e xenia effects of pollen-induced changes in hybrid vigor, pri-
m ary-endosperm typ e, and quantitative (size) inheritance on kernel 
weight h ave been studied by three m ethods: 
( 1) Comparison of two classes of r andomly distributed, competitive 
kernels borne on m ature ears tha t h ad been control-pollinated by mix-
tu res of either self- or sib-pollen and unrelated pollen as specified. 
The foreign pollen p arent was so selected that the r esultant kernels 
could be identified by a differen ce in either color or endosperm type 
(Figure 2). To avoid the serious error of variable place-effect on the 
ear, only adj acent, p aired competitive-kernels occurring in the sam e 
row were used in the comparisons (14). Sta tistically, the least signifi-
cant differen ce between m ean kernel weigh ts based on 10 ears h as 
been determined as 1.6 percent a t the J.O percent point, and 1.2 per -
cent a t the 5.0 percent point. 
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2 3 4 5 
Fig. 2. Xenia illustrated by ears that were fertilized with mixtures of pollen from 
the same and another variety or type. l. Yellow dent ear, hybrid kernels fertilized 
by blue flour. 2. Yellow sweet ear, hybrid kernels fertilized by yellow dent. 3. Yellow 
sweet ear, hybrid kernels fertilized by black sweet. 4. Yellow pop ear, hybrid kernels 
fertilized by red pop. 5. White flint ear, hybrid kernels fertilized by yellow sweet. 
6. White flint ear, hybrid kernels fertilized by yellow dent. 
(2) In a number of specified tests made for comparative purposes, the 
two kinds of pollen were applied separately to the ear-shoots of dif-
ferent plants of like genotype. The relative kernel weights thus de-
termined should be indicative of relative yields per plant or per acre, 
but are subject to a somewhat greater statistical error than are compe-
titive kernel weights due to variability among the maternal plants. 
This error may be reduced by use of a larger random population. By 
such technique, using controlled pollinations, it also is highly desir-
able to pollinate the ears a number of times to try to provide full 
and comparable seed-set. Decided variation in kernel weight, plant 
yield, and experimental error may be induced by imperfect hand-
pollinations. 
(3) Supplementary yield-per-acre data were obtained by standard 
field plot technique, including special precautions to obtain compar-
able stands, shelling percentages and moisture contents, and replicat-
ing 25 to 40 times in some tests so that small differences might be 
statistically significant. In such tests, differences of 1.5 to 2.7 bushels 
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per acre were significant a t the 5.0 percent point. In other yield tests 
involving an average of six replications during each of two or more 
years, mean differences of two to four bushels were likewise significant. 
Kernel weights are reported on a moisture-free basis, and progeny 
grain yields at 15 percent moisture. 
XENIA RESPONSES OF COMPETITIVE KERNELS 
INVOLVING CHANGE IN HYBRID VIGOR 
Effect of Proportion of Crossed and Inbred Kernels on Ear 
A large number of plants of the inbred line of dent corn Ill. BR 10 
were pollinated (Table 2 and Figure 3) with mixtures of sib- and 
Table 2. The compa1·ative weights of sibbed and crossed1 kernels on ears of an in-
bred line, Ill. BR I O, when the two kinds are produced in various pro-
portions on the ear by controlled pollination with pollen-mixtures differ-
ing in percentage of sib- and foreign-pollen. 1930. 
Crossed Weight per 100 kernels R a tio ~1ean wt. kernels per ear No. 
Actual I R elative crossed per JOO of I Range ears to a ll kernels :Mean Sibbed I Crossed Sib bed [ Crossed sibbed per ear 
% % Gms. Gms. % % % Gms. % 
11 2- 15 43 16.65 22.23 100.0 100.0 133.5 17.26 100.0 
40 25-50 33 15.21 19.93 91.4 89.7 131.0 17 .09 99.0 
78 70-98 51 13.93 17.86 83.7 80.3 128.2 17.00 98.5 
1 The outcross parent was the dent variety, Nebraska White Prize . 
II 40 78 
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Fig. 3. Comparative weights of competitive sibbed and crossed kernels and all 
kernels on ears of a homozygous line carrying, respectively, 11, 40, and 78 percent 
crossed kernels. Data taken from Table 2. Under the conditions of this test , in-
creased h ybrid vigor resulting as a xenia effect on 78 percent of the kernels failed 
to stimulate more translocation and thereby increase m ean kernel weight per ear. 
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unrelated variety-pollen in various proportions. At maturity, 127 well-
filled ears were sorted into 3 groups according to the proportion of 
pure and outcrossed kernels. These averaged 11, 40, and 78 percent 
outcrossing. 
A striking weight advantage is shown for the crossed kernels in all 
three groups, averaging 30.9 percent. For those ears with the low 
number of crossed kernels, the ratio of kernel weight of the crossed 
to inbred was 1.335; for the intermediate group, 1.310; and for the 
high group 1.282. These data indicate a decided competitive advantage 
for the crossed over the inbred kernels in all groups. 
Drawing on a common but limited food supply, an increase in the 
percentage of crossed kernels-thereby increasing the competition for 
themselves as well as for the inbred-materially reduced the kernel 
weight of both, though somewhat more for the crossed kernels. As the 
percentage of outcrossed kernels on the ear increased from 11 to 78 
percent, the mean weight of crossed kernels dropped 19.7 percent and 
that of inbred kernels 16.3 percent, yet there was no material change 
in the mean weight of all kernels per ear. The failure to increase mean 
kernel weight per plant by raising the percentage of crossed kernels, 
suggests that there was no accompanying increase in the amount of 
solutes translocated from the stalk to the grain under the conditions 
of this test. What was gained by the crossed kernels was lost by the 
inbred kernels in competition. This relation would justify the desig-
nation "competitive" kernels where the two kinds occur on the same 
plant. 
Sibbed vs. Selfed Kernels in Competition with Crossed Kernels 
in Homozygous Lines and F1 Hybrids 
Tests were made during two years (Table 3) to determine the com-
petitive kernel-weight effects of selfing and sibbing homozygous and 
F1 hybrid plants of dent corn. Since it would be impossible to dis-
tinguish these two kinds of kernels on the same ears, it was necessary 
to pollinate one set of plants with a mixture of self- and unrelated-
pollen, and a like set with a mixture of sib- and similar unrelated-
pollen. The selfed and sibbed kernels (also designated as "pure kernels" 
in Tables 3 and 4) could then be compared indirectly through the 
cross-pollinated kernels . From 8 to 20 plants each of 3 standard homozy-
gous lines, and of 3 single-, double-, double-double, and 16-line F 1 h y-
brids and 3 open-pollinated varieties, were pollinated with approxi-
mately equi-mixtures of self- and unrelated-pollen. Corresponding 
pollinations on duplicate sets of plants were made with mixtures of 
sib- and similar unrelated-pollen. The objective was to establish a gen-
eral genetic principle as to the expected reduction from selfing vs. 
sibbing in relation to the number of lines involved in a balanced hv-
brid, as compared with that in selfed lines and open-pollinated varie-
ties . 
In general, self-pollen reduced kernel weight to approximately the 
same degree, between 6.24 and 6.76 percent, in single-, double-, double-
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Table 3. T he comparative weights of selfed-, sibbed-, and cross-pollinated1 kernels 
on ears of homozygous inbred-lines, F, single crosses, F, double crosses, 
F, double x double crosses, F, 16-line hybrids and open-pollinated varie-
ties of dent corn.• 1930 and 1932. 
Weight of 100 kernels R atio Reduction 
Pure kernels 1 Pure kernels p u re below 
selfed I sibbed to crossed crossed Year 
Crossed I Selfed - ~rossed I Sibbed Selfed I Si b bed Selfed I Sibbed 
Gms. Gms. Gms. Gms. % % % % 
Inbred lines 
1930 22.01 19.78 22.45 20.23 89.87 90.11 10.1 3 9.89 
1932 21.02 19.36 20.11 18.62 92.10 92.59 7.90 7.41 
Av. 90.99 91.35 9.02 8.65 
F, single crosses 
1930 33.41 30.93 32.75 30.45 92.58 92.98 7.42 7.02 
1932 33.27 31.32 38 .31 35.79 94.14 93.42 5.86 6.58 
Av. 93.36 93.20 6.64 6.80 
F, double crosses 
1930 29.77 27 .85 31.78 30.73 93.55 96.70 6.45 3.30 
1932 33.39 31.38 36 .84 35.65 93 .98 96.77 6.02 3.23 
Av. 93.77 96.74 6.24 3.27 
F1 double-double crosses 
1930 29.63 27.70 28.00 27 .28 93.49 97.43 6.51 2.57 
1932 35.61 33 .11 35.71 34.60 92.98 96.89 7.02 3.11 
Av. 93.24 97.16 6.76 2.84 
F, 16-line hybrids 
1930 27.98 26.26 30.63 30.01 93.85 97 .98 6.1 5 2.02 
1932 30.10 28.14 33 .59 32.76 93 .49 97.53 6.51 2.47 
Av. 93 .67 97.76 6.33 2.24 
Open -pollinated varieties 
1930 28 .01 26.17 27.33 27.02 93.43 98.87 6.57 1.1 3 
1932 28.54 26.71 31.58 31.1 8 93.59 98.73 6.41 1.27 
Av. 93.5 1 98.80 6.49 1.20 
1 The outcross parent was the dent variety Nebraska White Prize. 
!! The selfed and sibbcd kernels were produced on different ears and are to be compared in-
directly through the crossed kernels on the respective ears. The data are based o n 8 to 20 ears 
of each of 3 different lines, F1 h ybrids, or varieties each year. 
double, and 16-line F 1 hybrids and open-pollinated varieties. On the 
other h and, as would be expected according to the theory of th e addi-
tive effect of dominant genes, the degree of reduction d ue to sibbing 
lessened regularly as the number of lines increased in these balanced 
hybrids, being 6.80, 3.27, 2.84, 2.24, and 1.20 percent for single-, 
double-, double-double, and 16 line F1 hybrids and open-pollinated 
varieties, respectively. The kernels born e on both homozygous and F1 
single-cross plants responded essentially alike to selfing and sibbing. 
This should be expected since the individuals within either popula-
tion were alike genetically. However, the more lines involved in these 
symmetrical hybrids the greater was the spread between the effects 
of sibbing and selfing. 
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Sibbed vs. Selfed Kernels in Competition with 
Crossed Kernels in F1 and F2 Hybrids 
The comparative effects of fertilization by self- and sib-pollen 
(Table 4) were studied in 1939 with both F1 and F2 single- and double-
crosses of dent corn. The pollinations were made with approximately 
equi-mixtures of foreign pollen and either self- or sib-pollen, applied 
to 15 plants of each of three F1 and F 2 single- and double-crosses, 
homozygous lines, and open-pollinated varieties included in the test. 
Whereas selfed kernels in inbred-lines weighed 17 .5 percent less 
than competing crossed kernels, the weight of selfed kernels in F1 
single-cross hybrids fell off only about half as much, viz. , 8.56 per-
cent. The effect of selfing was rather similar in F1 single- and double-
crosses and in open-pollinated varieties. The reduction due to sibbing 
F1 balanced hybrids on the other hand, was roughly in inverse pro-
portion to the number of lines involved in the hybrid, and least in the 
varieties. 
Advancing the seeds from the F 2 to the F 3 by sibbing did not 
further reduce their weight. This is evidence that a random sampling 
of genes is obtained in the gametes produced by an F 1 population. In 
contrast, still further kernel weight reduction was brought about by 
selfing an F 2 hybrid. Theoretically, each successive selfing should re-
duce the remaining excess hybrid-vigor by one-half. 
Table 4. The comparative weights of selfed-, sibbed-, and crossed1-kernels on ears 
of inbred lines, F1 and F2 single crosses, F1 and F2 double crosses and open-
pollinated varieties of dent corn 1939. 
Weight of JOO kernels 
ReducLion R atio pure 
Pure kernels I Pure kernels to crossed below Kind of corn selfed sibbed crossed planted 
Pure / Crossed Pure r Crossed Selfed / Sibbed Selferl / Sibbed 
Gms. Gms. Gms. Gms. % % % % 
Inbred Ii nes 17.25 20.91 16.36 19.59 82.50 83 .51 17.50 16.49 
Single cross F1 23 .83 26.06 24.81 26.78 91.44 92.64 8.56 7.36 
Single cross F2 20 .00 22.45 22.93 24.56 89.09 93.36 10.91 6.64 
Double cross F, 24.49 26.38 23.55 24.64 92.84 95.58 7.16 4.42 
Double cross F" 23.17 25.23 23.18 24.33 91.84 95.27 8. 16 4.73 
Open-pol. variety 24.13 25.92 24.57 24.98 93.09 98.36 6.91 1.64 
1 The outcross parent was the dent variety Nebraska White Prize . 
2 The selfed- and sibbed-kernels were produced on different ears and are to be comp ared 
ind irectly thro ugh the outcrossed kernels on the respective ears. 
Genetically, the em bryos and endosperms of the selfed and sibbed kernels borne on F1 and 
F2 p lants are F 2 a nd F3 while th ose of crossed kernels are F1 for comparison. 
The data are ba sed on 8 to 15 ears of each of 3 different lines, hybrids, or varieties. 
Comparative Hybrid-Vigor Responses of Com-
petitive Kernels and of Progeny Plants 
There is interest in knowing to what extent the h ybrid-vigor r e-
sponse of the non-maternal tissues of competitive kernels corresponds 
with that of progeny plants. For use in such comparisons designed to 
establish the general principle, the results of various comparable 
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progeny tes ts are contrasted with xenia effects r eported for kernels 
in Tables 3 and 4. 
Homozygous and F1 hybrid kernels and plants. The comparative 
superiority of competitive F1 kernel weights and F1 progeny yields 
over homozygous kernels and plants, r espectively, may be illustrated 
by the following generalized data: 
In a progeny test of 14 inbred lines and 21 F1 single-cross h ybrids 
between them , the hybrids averaged 140 percent higher grain yield 
per acre than that of the lines (15), whereas competitive cross-polli-
nated (F1) kernels in homozygous lines (Table 4) averaged 21 percent 
h eavier than inbred kernels. Thus the hybrid-vigor response of F1 
progeny plants was 6.6 times as great as that of F1 kernels. 
Although the kernels and progeny plants under comparison are 
not genotypically identical, they represent comparable degrees of 
h eterozygosity. These rela tive responses are found to vary considerably 
for individual lines and h ybrids, but the m ean results are regarded as 
indicative of random performance. This distinctly lower response of 
kernels m ay b e due to their possessing fewer avenues through which 
they may gain expression of h ybrid-vigor. Furthermore, the growth 
period of the embryo and endosperm normally is only about 42 per-
cent as long as that of the progeny plants . No doubt different and 
more growth genes function in hybrid plants than in hybrid kernels. 
In addition, growth of the kernels is limited by the nutrient supply 
available under the conditions, in the stalk and leaves for transloca-
tion to the ear. 
F 2 reduction in competitive kernel weight and progeny yield. The 
F2 reductions in competitive kernel weight (Table 3) and in progeny 
grain yield (15) h ave both proved to be in inverse relation to the 
number of parental lines involved in balanced hybrids. The essential 
comparative data are assembled in Table 5. Whereas the F2 reduc-
tions in progeny grain-yield were 34.6, 20.4, 14.4, and 5.2 percent for 
single-, double-, double-double, and 16-line h ybrids, respectively, 
corresponding competitive kernel-weight reductions were 6.80, 3.26, 
2.84, and 2.24 percent. These are relative F2 reductions of 100, 59.0, 
Table 5. Reduction in the weight of F2 (sibbed) kernels below weight of F1 (cross-
pollinated) kernels competing on same ears of F1 plants, compared with 
the grain yield reduction of F2 progeny plants below that of F1 plants.1 
Kind of R eduction in weight R eduction in yield Theoreti cal h ybrid of sibbcd (F2) grain per acre of r elati ve kernels and kernels b elow wt. o f F2 progeny below redu ction progeny plants crossed (F,) kerncls2 F1 progen y3 
% R elative % R elative R elative 
Single cross 6.80 100.0 34.6 100.0 100.0 
Double cross 3.26 48.1 20.4 59.0 50 .0 
Double-dou ble 2.84 4l.8 14.4 41.6 25.0 
16-line hybrid 2.2,1 32.9 5.2 15.0 12.5 
1 The kernels and progeny plants under comparison are not genotyp ically identical. 
• Kernel data compiled from T able 3. 
3 Progeny data calculated from published resu lts (1 5). 
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41.6, and 15.0 for the F2 progenies and 100, 48.1, 41.8, and 32.9 for 
the F2 kernels. The theoretical relative reductions would be 100, 50, 
25, and 12.5 in both series. 
Advancing the generations of hybrid kernels and progenies by self-
ing vs. sibbing. The yields of grain per acre are given in Table 6 for 
F1, F2 , and F3 single- and double-cross hybrids in which the genera-
tions have been advanced by both selfing and sibbing. The F 2 and F3
progenies correspond in generation with the embryo and endosperm 
tissues of kernels produced on F1 and F2 single- and double-cross 
plants as were reported in Table 4, except that the endosperm is 311 
as to chromosome number. The data from Tables 4 and 6, essential 
for comparison, are assembled in Table 7 and Figure 4. The hybrid-
vigor responses of competitive kernels and progenies are shown to be 
rather strikingly parallel, though different in degree. They are in 
reasonable accord with theoretical expectancy on the basis of the ad-
ditive effect of dominant genes. 
Competitive sibbed (F2) kernels on F1 single- and double-cross plan ts 
weighed 7 .36 and 4.42 percent less than corresponding cross-pollinated 
(F1 ) kernels, whereas F2 single- and double-cross progenies of sibbed 
seed yielded 35.2 and 18.5 percent less grain per acre than did corre-
sponding F1 plants. 
Sibbed (F2 and F3 ) kernels on F1 and F2 plants suffer approximately 
equal reductions below competitive, cross-pollinated (F1 ) kernels just 
as F2 and F3 hybrid progenies grown from sibbed seed yield about 
equally below the F1 crop. 
The weights of selfed (F 2) kernels borne, respectively, on F 1 single-
and double-cross plants reduce in fairly similar degree below that of 
Table 6. Comparative acre-yield (15% moisture) of the F1, F2 and F3 progenies of 
single, double, and variety crosses in which the generations are advanced 
both by sib-pollination and selfing.1 Average for 1925 and 1927. 
Manner of making Reduction advanced generation 
seed below Kind of hybrid F1 seed 
and generation Selfed Sib bed 
of seed planted2 
Actual R el. Actual Rel. Selfed Sibbed 
yield yield yield yield seed seed 
Bu. % B u.. % % % 
Single cross F, 51.4 100.0 51.4 100.0 
F, 33.2 64.6 33.3 64.8 35.4 35.2 
Fa 25.2 49 .0 33.5 65.2 51.0 34.8 
Double cross F, 50.8 100.0 50.8 100.0 
F, 33 .9 66.7 41.4 81.5 33.3 18.5 
Fa 26.3 51.8 41.1 80.9 48.2 19.1 
Variety cross F, 46.9 100.0 46.9 100.0 
F, 29.0 61.8 46.5 99.1 38.2 0.9 
Fa 22 .9 48.8 46.3 98.7 51.2 1.3 
1 Yield s based on shelled grain from middle rows of 3-row plots planted at double rate and 
thinned at random to 3 p lants per hill at seedling stage; 6 replications. 
2 Seven to ten h ybrids of each kind are averaged . 
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Table 7. Effect of the manner o{ advancing the generation (sibbing vs. selfing) 
upon the loss in weight of F2 and F3 kernels below the weight o{ F1 (cross-
pollinated) kernels competing on the same ears of F1 or F2 plants, com-
pared with the grain-yield reduction of F2 and F3 progeny plants below 
the yield of F1 plants.' 
Kind of 
hyb rid kernel2 
and progeny 
p lants 
F, single cross 
F3 single cross 
F, double cross 
F, dou ble cross 
F, single cross 
F, single cross 
F, double cross 
F, dou ble cross 
Reduction in weight 
of advanced generatio n 
kernels helm\' weight of 
crossed ( F1 ) kernels3 
R edu ction in yield of 
grain per acre o f ad -
vanced generation progeny 
below F1 progeny4 
% R elative % 
Genera tion ad vanced b y sibbing 
7.36 100.0 35.2 
6.64 90.2 34.8 
4.42 60.1 18.5 
4.73 64.3 19.1 
Generation advanced b y selfing 
8.56 100.0 35.4 
10 .9 1 127 .5 51.0 
7 .16 83 .6 33.3 
8.16 95.3 48 .2 
R elative 
100.0 
98 .9 
52.6 
54.3 
100.0 
144.1 
94.1 
136.2 
T heoretical 
relati ve 
redu ction 
R elative 
100 
JOO 
50 
50 
100 
150 
100 
150 
1 The kernels and progeny plants under comparison are not genotyp ica l1 y ide ntical. 
2 T he F2 and F3 kernels were borne on F1 and F2 plants. 
a T he kernel weight deficiencies are abstracted from data in Table 4 . 
4 The F2 and F3 progeny yield defi ciences are ca lculated from data in Tabl e 6. 
crossed (F 1 ) competitive kernels, whereas the weigh t of sibbed (F 2 ) 
kernels on F1 double-cross plants r educes only about half as much 
as on F1 single-cross plants. T h ese effects correspond closely with the 
r eduction of F2 double-cross progeny plants when grown from selfed 
vs . sibbed seed , and are r a ther closely in agreement with theoretical 
expectan cy. 
Selfing m a terially r educes the weight of competitive kernels (F 3) 
on F2 plants, wh ereas sibbing h as no material additional effect. Like-
wise F 3 h ybrid progenies are r educed considerably below the F 2 gr ain 
yield when grown from selfed seed but are not r educed further when 
produced from sibbed seed. 
T h e percen tage ch ange in weight of competitive h ybrid kernels d u e 
to differ ence in h eterozygosity roughly approximates on e-fourth to 
one-fifth as large as a corresponding ch ange in progeny plan ts. 
O ther comparisons of similar import may be m ade in these tables. 
It h as not been determined wh ether the gen eral combining ability of 
lines for high yield m ay be estimated th rough xenia effects on their 
kernel weigh t. Su ch a m ethod would seem to h ave serious limita tions 
b ecause of the inability of kernels to r eact to man y growth factors 
to which growing plants are subj ected . Furthermore, to obtain sig-
nificant r esul ts, it would be n ecessar y that the lines being appraised 
b e in comparable stages of h omozygosity. Specific genes tha t influence 
endosperm or embryo developmen t m ight n ot b e opera tive in like 
degree in p rogeny yields. 
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Fig. 4. Comparative xenia effects on weight of competitive kernels, and comparative grain yields per acre of corresponding hybrid 
progenies, in relation to hybrid vigor. F1 competitive kernels were produced by crossing. Generations were advanced by selfing vs. 
sibbing. Compiled from data in Table 7. 
Other Tests of Xenia Effects Involving Competitive 
Kernels without Change of Primary-Endosperm T ype 
In earlier experiments with pollen mixtures reported in 1926 (14)
the following miscellaneous tests summarized in Table 8 involved no 
change of primary endosperm type. The chief indications are as 
follows: 
(I) Two hundred varietal combinations of dent corn averaged 0.3 
percent heavier weight for competitive cross-pollinated kernels, and 
the change in weight seldom exceeded 2 percent for individual combi-
nations. 
(2) Competitive kernels in homozygous lines that had been crossed 
by open-pollinated varieties, were all heavier than selfed kernels, 
averaging 11.9 percent greater weight per 100. 
(3) Competitive, crossed kernels were heavier in each of 10 open-
pollinated varieties than were selfed kernels, averaging 7 .7 percent 
greater weight per 100. 
(4) The kernel weight of flint, pop, and sweet varieties responded 
2 to 3 percent to outcrossing without a change in primary endosperm 
type being involved, suggesting that the varieties of these types have 
been somewhat closely bred. 
Table 8. Swnmary of earlier tests (14) showing the immediate effects of foreign 
pollen on the weight of competitive kernels when no change in primary 
type of endosperm is involved 1922. 
Ear 
parent 
Dent 
Dent 
Dent 
Dent 
Dent 
Flint 
Flint 
Pop 
Pop 
Sweet 
Dent 
Dent 
Dent 
Foreign 
pollen 
parent 
N umber 
combi n ations 
averaged 
Open -pollinated va rieties 
(sibbed vs. cross-pollina ted by variety) 
Dent 200 
Pop I 
Flour 4 
Flint 5 
Sweet 2 
Sweet I 
Dent 4 
Pop 1 
Dent 1 
Sweet 2 
Open-pollinated varieties 
(selfed vs. cross-pollinated by variety) 
Dent 10 
Open -pollin ated varieties 
(sibbed vs. cross-pollinated by inbred line) 
Dent 2 
Inbred lines 
(selfed vs. cross-pollinated by varie ty) 
Dent 28 
Ratio wt. of JOO out-
crossed to I 00 sibbed 
or selfed kernels 
% 
100.3 
98.7 
99.8 
100.3 
98.8 
98.6 
102.3 
100.1 
103.0 
102.0 
107.7 
100.0 
111.9 
1 Pollinations were made with a mixture of representati ve pollen from the specified parents. 
The details of tests reported in this table will be fo und in the reference cited. 
\Vhether sibbed or selfed is shown under each sub-topic of table. 
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(5) A reduction of 1.2 percent in kernel weight of dent corn fertil-
ized by sweet contrasts with a 22.7 percent increase when the parent-
age was reversed and the sweet corn was the ear parent as shown 
in Table 9. 
(6) The immediate effect of foreign pollen on kernel weight was not 
influenced by the heterozygosity of the foreign pollen parent. 
XENIA RESPONSES OF COMPETITIVE KERNELS IN-
VOLVING CHANGE IN PRIMARY-ENDOSPERM TYPE 
Recessive Endosperm Types Crossed by Dominant 
At the time of these tests only three possible combinations were 
known to fall in this category 1: ( 1) Sweet by starchy, (2) sweet by waxy, 
and (3) waxy by starchy. In earlier studies at this station (14, 16) these 
combinations were tested by the method of pollen mixtures applied to 
ears of the recessive parent. The mean effects of such outcrossings ma y 
be summarized as in Table 9. The competitive sweet kernels responded 
to dent and waxy pollen by 22.7 percent and 19.7 percent increase, 
respectively, and the waxy responded to dent pollen by a 3.1 percent 
weight increase. 
Since the varieties involved in these tests were all heterogeneous, 
the striking kernel weight responses to outcrossing cannot be accounted 
for by a change in hybrid vigor. The increase is attributed hypotheti-
cally to a change in enzyme complex within the endosperm which re-
sults in the precipitation of a higher percentage of the carbohydrates 
within the kernel in the form of water-insoluble starch, and this in 
turn induces a greater translocation from the stalk to the grain. It has 
been shown more recently (17) that this accelerated translocation 
serves to stimulate carbon assimilation within the leaves and thereby 
increases total fodder- as well as grain-yield per plant and per acre. 
Effect of Proportion of Crossed (Starchy) Kernels on Sweetcorn Ear 
Two groups of plants of Evergreen sweetcorn differing decidedly 
in the percentage outcrossing of their ears were obtained by pollina-
Table 9. Summa1·y of earlier tests (14, 15) showing the immediate effects of foreign 
pollen on weight of competitive kernels where a change in type of endo-
sperm is involved. 1 1922. 
W eight Rat io per 100 Foreign Number of kernels wt. of Ear pollen combinations crossed to 
parent parent averaged 
I 
sibbed 
Sib bed Crossed kernels 
Gms. Gms. % 
Sweet Sweet (check) 2 16.9 17.2 101.8 
Sweet Dent 4 17.6 21.6 122.7 
Sweet Waxy I 15.7 18.8 119.7 
Waxy Dent 2 26.l 26.9 103.1 
1. H eterogeneous varieties were used throughout. 
1 High amylose is now also recognized (21) as recessive to common starchy. 
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Table 10. The comparative weights of sweet and starchy kernels on ears of Ever-
green sweet corn when the two kinds are produced in different propor-
tions on the ear by controlled pollination with pollen-mixtures differ-
ing in percentage of pollen from sweet and dent1 plants. 1946. 
Crossed 
kernels per ear 
Mean 
% 
1.0 
68.0 
I Range 
% 
0.5-1.4 
62- 81 
No. 
ears 
IO 
9 
Weight per I 00 kernels 
Actu al I 
Sibbed I Crossed 
Gms. Gms. 
19.59 24.49 
19.16 24.30 
Relative 
Sibbed I Crossed 
% 
100.0 
97.7 
% 
100.0 
99.2 
1 T he dent pollen-parent was the Hogu e Yellow Dent variety . 
Ratio 
crossed 
to 
sibbed 
% 
125.0 
126.8 
·Mean wt. 
per 100 of 
a ll kernels 
per ear 
Gms. 
19.63 
22.65 
% 
100.0 
ll 5.4 
tion with pollen mixtures containing respectively low and high pro-
portions of starchy in conjunction with sib-pollen. For those well filled 
ears (Table IO) averaging 68 percent outcrossed (starchy) kernels, the 
ratio of kernel weight of the starchy to sweet was 1.268 compared with 
a ratio of 1.250 for the l percent outcrossed group. These data indicate 
a decided advantage for the starchy kernels in both groups. 
The food supply provided by the sweet plants proved sufficient for 
essentially the full development of both sweet and starchy kernels, 
regardless of their respective percentages. The m ean weight of all 
kernels per ear was 15.4 percent higher for those ears averaging 68 
percent outcrossing than for those with 1.0 percent outcrossing. It is 
evident that the stalk and leaves of swee t corn contain m ore carboh y-
drates available for translocation to the grain than the pure sweet 
grain is able to utilize. Therefore, outcrossing by starchy may be ex-
pected to increase the yield of grain per plant and per acre. This is 
a distinctly different response than was obtained through a change in 
hybrid vigor of the kernels as r eported for dent corn in Table 2. 
XENIA RESPONSES INVOLVING QUANTITATIVE (SIZE) 
INHERITANCE 
The xenia effects on the weight of competitive kernels was reported 
in 1926 ( 14) for 200 varietal outcrosses between dent varieties differing 
as to vegetative size and maturity. Small, interm ediate, and large vege-
tative types used as pollen parents gave the respective average kernel 
weight increases of 0.0, 0.2, and 0.9 percent. These differences were 
reported as due to quantitative (size) inheritance as a xenia effect. 
A re-analysis of th ese data suggests even sm aller mean effect. Each 
of nine varieties h ad been pollinated with mixtures of its own com-
posite sib-pollen and pollen from small early, intermediate, and large 
late varieties, respectively. Averaging the data (Table 11 ) according 
to the ch aracter of the pollen parent, the increases in competitive 
kernel-weight due to outcrossing with the small, intermediate, and 
large types were 0.1, 0.4, and 0.4 percent, respectively. These differ-
ences are so slight that there can be no certainty that quantitative in-
21 
Table II. Comparative xenia eUects of outcrossing open-pollinated dent com by 
varieties differing as to vegetative size and maturity. Summarized from 
published (14) data. 1922. 
H ogue 
Leami ng 
Ear paren t 
Iowa Gold Mine 
Iowa Silver Mine 
St. Chas. W h ite 
Univ. No. 3 
R eid 
Subs tation W hite 
Mar leen 
Average 
R atio weight of outcrossed to sibbed kernels wh en 
fo re ign pollen parent is of the vegetative type indi -
cated 
Small a nd Intermediate Large and 
early late 
% % % 
99.3 JOO. I 100.3 
100.3 100.7 100.6 
101.2 101.1 100.7 
98.5 99.5 98.6 
101.0 99.1 99.4 
100.6 101.6 101.7 
99.6 100.9 101.3 
100.2 100.1 101.4 
100.2 100.9 99.5 
100.l 100.4 100.4 
T h e details of tests reported in th is table wi ll be found in the reference cited . 
h eritan ce has been es tablished as a xenia effect. Among the 27 ou t-
crosses, the extreme individual xenia effects r anged from a 1.5 per-
cent decrease to 1.7 percen t increase in competitive kernel weight. 
EFFECT OF XENIA RESPON SES ON THE YIELD OF 
GRAIN PER PLANT OR PER ACRE 
Change in H ybrid Vigor and Effect of Specific Genes 
Var iable r esults h ave been obtained as to the xenia effects of a 
ch ange in h ybrid vigor on kernel weight and yield of grain per plan t 
or per acre. In Nebraska Experiment Station tests reported in 1932 
(T able 12) by Kiesselbach and Leon ard (19) an inbred line (Nebr. 12) 
gave the statistically nonsignifican t increase of 2.2 percen t more grain 
yield per plan t wh en completely ou tcrossed by th e Nebraska W hi te 
Table 12. Comparative moisture-free grain yield of inbred and F1 single-cross plants 
of dent corn when pollinated respectively with their own and unrelated 
dent pollen' (19) . 1930. 
T yp es of corn in volved 
Ea r paren t 
Nebr. No. 12 
Nebr. No. 12 
Nebr. 2 x 12 
Nebr. 2 x 12 
Po llen paren t 
Nebr. No. 12 
White Prize 
Nebr. 2 x 12 
W hi te Prize 
N u mber 
of 
p la n ts 
Inbred l ine 
79 
90 
F, hybrid 
59 
44 
Mean yield shelled 
corn p er p la n t 2 
Actual Relative 
Grams 
99.9 100 .0 
102.l 102.2 
152.8 100.0 
152.6 99.9 
1 Crop was p lanted at doub le rate a nd th inn ed to 2 p la nts per hi ll. T illers were removed 
at ea rly stage. In each h ill o ne p la n t was sib· poll in ated a nd the o ther by u nrelated pollen , using 
the baggi ng method. Each ear shoot was poll inated 3 t imes to prov ide a good seed-set. 
2 Differ ences for the line and hybrid, respectively, are not stat ist ically significant. 
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Prize variety than when completely self-fertilized. This same line re-
sponded by an increased competitive kernel weight of 16 percent as 
an immediate xenia-effect of outcrossing as determined by the pro-
cedure of paired kernel comparisons. In a corresponding yield test 
with an F 1 single-cross hybrid (Nebr. 2 x 12) the grain yield per plant 
was practically identical whether selfed or crossed. By the procedure 
of paired-kernel comparisons, competitive crossed-kernels of this hy-
brid gained 8 percent in weight over the selfed kernels. 
These results correspond closely with those reported by Kempton 
and McLane (13) in a comparison of selfed and crossed kernels (Pipe 
x Pawnee). When borne on the same ear the weight of the competitive 
crossed kernels exceeded that of the selfed by 24 percent per 100, 
whereas on separate plants it was 3 percent less. 
Failure to influence the yield of grain as an immediate effect of 
pollinations that affect only the hybrid vigor of the kernels was re-
flected indirectly by the data in Table 2. The only possible way in 
which there could be an immediate effect of the pollen-parent on yield 
of grain per plant or per acre would be through a change in the 
aggregate weight of the kernels. The data of Table 2 show no material 
or significant difference in the mean weight of kernels per plant re-
gardless of the proportion that had been selfed or outcrossed. 
Reciprocal crosses. Five standard inbred lines were selfed and also 
crossed in all possible combinations; an attempt being made to pro-
duce 20 well-fertilized ears of each by three pollinations two days 
apart. Only well filled ears were saved after maturity for a study of 
comparative moisture-free kernel weights. The plots had comparable 
stands and were arranged in duplicate in a compact area. The results 
are reported (Table 13 and Figure 5) in terms of the mean weight of 
100 random kernels as determined for each ear. 
The lines were found to differ strikingly as pollen parents in their 
xenia effect on kernel weight. For example, pollen from Wf9 in-
creased the kernel weight of lines R4 , 187-2, I205 and N6 by 47, 14,
5, and 17 percent, respectively, whereas R 4 pollen reduced the kernel 
weights of Wf9, 187-2, and 1205 by 18, 11 and 18 percent and increased 
Table 13. Zenia effects on kernel weight of 5 inbred dent-lines when crossed in all 
possible combinations. 1950. 
Lines used as polJen parents 
Lines used 
as seed Wf9 R, 187-2 1205 
parents 
Mean weight per 100 kernels (Grams) 
Wf9 24.41 20.1 25.1 26.8 
R, 21A 14.6 17.1 17.4 
187-2 27.1 21.1 23.7 23.9 
I205 25.6 20.0 25.7 24.5 
N6 18.5 16.l 16.7 18.5 
1 The underscored weights are for selfed kernels of the inbred Jines. 
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Fig. 5. Variability of the xenia effects of pollen from different homozygous dent 
lines on the weight per 100 random kernels of dent lines Wf9 and R4, due to 
ch ange in hybrid vigor. Data from Table 13. 
that of N 6 by 2 percent. In a further comparison, Wf9 pollen increased 
the kernel weight of R 4 by 46.6 percent, whereas R 4 pollen decreased 
the kernel weight of Wf9 by 17 .6 percent. The individual differences 
may reflect chromosomal dosage effects and also the effects of specific 
genes on physiologic functioning. 
Along these lines Grossman and Sprague (9) indicate kernel-weight 
increases of approximately 12 percent for reciprocally outcrossed p lan ts 
of two specific inbred-lines of the same primary endosperm type-dent 
and pop. Bernstein (3) has studied the rapidity of starch formation 
within the endosperm of two inbred dent lines in which the kernels on 
an ear were all selfed or sibbed vs. all reciprocally cross-pollinated. 
A similar test was conducted with waxy corn. The conclusion was 
reached at the end of 3 to 4 weeks after pollination, "that pollination 
by foreign pollen stimulates the rate of starch accumulation." Based 
on comparable data, the excess starch due to hybrid vigor averaged 15 
percent as a xenia-effect in case of the out-crossed dent kernels and 12 
percent for the outcrossed waxy. 
It has been shown by Dessureaux, Neal and Brink (7) that inbred 
lines differ, as pollinators, in their specific effect on rate and duration 
of translocation. To illustrate, Wf9 prolongs and R 4 shortens the 
period of dry-matter acquisition by the kernels. It was concluded tha t 
heterosis seems to be primarily responsible for the more rapid rate 
of moisture depletion and of dry-matter deposition in the grain. 
Leng (22) concludes from rather comprehensive tests with control-
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pollinated dent lines, hybrids, and vanet1es that his data "suggest 
that pollen source may possibly affect the total yield of crossed seed, 
a t least that borne on inbred lines in the production of single-cross 
seed." Attention was especially directed to the depressing effect of 
R 4 pollen on kernel weight, with the suggestion that " this inbred and 
possibly others may carry dominant or partially dominant genes that 
cause decreased kernel size. Such genes might possibly affect kernel 
size by modifying certain specific processes or phases in kernel devel-
opment, rather than by exerting broad general effects on kernel size." 
As an example, the kernels of a set of six inbred lines averaged 26 
percent less weight when fertilized by R 4 than by Wf9. Among other 
illustrations, Leng shows that the kernel weight of Oh41 was increased 
23.3 and 22.5 percent when pollinated, respectively, by T 8 x CI. 21E 
and 38-11 x K201C. L317 was reduced 10.8 percent through pollina-
tion by TS x Cl.21E. 
In general, it is concluded that in the absence of specific genes which 
depress translocation to the grain, increased hybrid vigor of the kernels 
as a xenia effect tends to increase the kernel weight and the yield 
of grain per plant and per acre, provided the supply of solutes within 
the stalk is adequate to support such additional growth of the kernel. 
The adequacy of solutes for additional translocation would neces-
sarily seem to be contingent upon one or more of the following factors: 
( 1) high nutrient reserve within the stalk, (2) stimulation of addi-
tional net-carbon-assimilation by accelerated dilution of the plant 
solutions, and (3) favorable environmental growth conditions which 
facilitate continued carbon assimilation by the leaves so long as the 
stimulated kernel growth requires. 
Change in Endosperm Type 
Recessive by dominant. Field plot tests designed especially to de-
termine the yield effect of a change in endosperm type, resulting as 
a xenia-effect of outcrossing, have been reported (17, 19) from this 
station. These are summarized in Table 14 and Figure 6. Each of the 
experiments required two isolated crossing fields planted alike to 
replicated alternate plots of corn having recessive and dominant endo-
sperm types, respectively. In one field the recessive type was detasseled 
and in the reciprocal field the dominant type was so treated. Thus, 
pure and outcrossed grain was produced on the recessive plants in the 
respective fields. The dominant type could serve as a check for 
weighting the yield data so as to make the results from the two fields 
more comparable. The mean increase in yield of grain per acre was 
25.7 percent for sweet corn, while that for waxy corn was 3.3 percent. 
These figures compare (Table 9) with 22.7 and 3.1 percent increase, 
respectively, in the competitive kernel weight as an immediate effect 
of outcrossing determined by the method of paired kernel compari-
son. These increases for recessive endosperm types are attributed 
largely to the normally greater abundance of nutrient reserves within 
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Table 14. Comparative grain yields of sweet corn fertilized with pollen from sweet 
and dent plants, respectively.' 
Yield per acre of sweet torn2 (15 % moisture ) 
Actual yields R elat ive yie lds 
Year 
of Sweet De n t test Sweet Dent 
pollen polle n pollen pollen 
Bu. B u . % % 
1930 28.5 38.3 100 134.4 
1944 34.9 40.5 100 116.0 
1946 17.0 22.4 100 131.8 
Average 26.8 33.7 100 125.7 
1 From publ ished data (17, 19) . Yi elds were obtained from isolated fie lds cropped to 50 al ter-
nate p lots of sweet and dent. The dent and sweet p lots were d etasseled in the respective fields . 
T h e two kinds of corn had simil ar tasseling dates. In 1930 the sweet a nd dent corn were Stowell 
Evergreen and Hogue varieties . In 1914 and l 946 they were H ybrid Evergreen and Double -cross 
u. s. 35 . 
In a corresponding tes t with waxy corn in 1944, outcrossing with dent increased the grain yield 
3.3 % per acre. 
2 Corresponding xeni a effects on competitive kernels of sweet corn in 1930, 1944, and 1946 
were 22 % , 2 1 % , a nd 26 % increases due to cross-pollination by the dent. 
the stalk, and to accelerated carbon assimilation r esulting from sap 
dilution. 
Dominant by recessive. During each of 3 years (Table 15 and 
Figure 6) alternate field plots of dent and sweet corn of similar m :1-
turity were grown in each of two isola ted fields of similar productivi ry 
Table 15. Comparative yields of grain per acre by dent corn fertilized with pollen 
from dent and sweet plants, respectively.1 
Year 
of 
test 
1930 
1944 
1946 
Average 
Dent 
pollen 
Bu. 
75.3 
74.6 
45.4 
60.0 
Yie]d per acre of dent corn ( 15% moistue) 
Actua l yie lds Relat ive yields 
Sweet Dent 
I 
Sweet 
pollen pollen pollen 
Bu. % % 
74.9 100 99.5 
74.5 100 99.9 
46.6 100 102.6 
60.5 100 100.8 
1 Yields were obtained from small isolated fields of similar productivi ty and cropped to 50 
a lterna te plots of dent and sweet corn . T he sweet and dent p lo ts were detasseled in the respec· 
tive fields. The two kinds of corn had sim ilar tasseling dates. The calculations were made from
published data (17 and 19) . 
In 1930 the dent and sweet corn were Hogue a nd Stowell Evergreen varieties. In 1944 and 
1946 they were double cross U. S. 35 and Hybrid Evergreen . 
a t the Agronomy Farm. In one field the swee t corn was detasseled, 
thereby providing pure dent corn in the dent plots. In the other field 
the dent was detasseled, assuring a crop of outcrossed dent. The fields 
were changed from year to year. As an average, the dent outcrossed by 
sweet yielded 0.8 percent more than the pure dent. The slight differ-
ence is well within the limits of experimental error. This figure com-
pares with a decrease of 1.2 percent (Table 8) in kernel weight as de-
termined by the method of paired kernel comparisons. The data indi-
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Fig. 6. Comparative xenia effects on weight of competitive kernels and on yield 
of grain per acre, when heterozygous sweet and dent corn are reciprocally crossed. 
Data from Tables 8, 9, 14, and 15. 
cate that the yield of grain per acre is not materially affected by out-
crossing a dominant by recessive endosperm type. 
Xenia Effects as a Possible Source of Error in 
Comparative Yield Tests 
It should be noted that the validity of comparative yield tests sub-
ject to inter-pollination among the various entries was questioned by 
Carrier (5 ) as early as 1910. Through the years, adequate verifica-
tion has been lacking. The data now at hand from various workers 
herein discussed, would seem to justify the conclusion that all tests 
which expose the line- and hybrid-entries to change in primary endo-
sperm type or in hybrid vigor of the kernels by cross pollination, are 
subject to a considerable degree of bias-some more than others. 
In commercial fields, commonly planted to individual F 1 hybrids, 
the kernels originate by either selfing or sibbing. Thus, the genetic 
constitution of their endosperms and embryos is F2 , and they may lack 
the added yield capacity that is often contributed as a xenia effect of 
heterosis. On the other hand, in a standard varietal yield-test, the 
majority of the kernels are usually cross pollinated and thereby may 
gain additional yield as a xenia effect; or in some cases they lose 
because of the unfavorable action of specific genes. The degree and 
universality of such test error and its full implications are not known, 
and no substitute method for testing is offered. It would seem advis-
able to observe the performance of any new hybrid as grown under 
conditions of isolation before it is released for commercial production. 
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Yields of entries with recessive type of endosperm that are subject to 
extensive cross pollination by starchy types are highly mis-leading. 
INITIAL WEIGHT OF HYBRID SEEDS AS A FACTOR 
IN PROGENY YIELD 
Ashby (1) attributed the more vigorous and productive growth of
hybrid plants to a greater initial embryo size. This conclusion was 
not concurred in nor experimentally confirmed by Sprague (26), Pad-
dick and Sprague (23), Kempton and McLane (13), and Whaley (27). 
The following tests also would seem to deny causal relationships, and 
the results leave the way open for an explanation of h ybrid vigor on 
the basis of the additive effects of dominant, favorable growth-genes. 
In this 1946 experiment, F 1 h ybrid kernels (Table 16) and their 
embryos averaged about the same weights as corresponding homo-
zygous kernels and embryos when borne on separate plants of like 
genotype. The embryos of inbred parental seed weighed within 3 per-
cent of those of F 1 single-cross seed, but their progeny yields of grain 
and stover were, respectively, 68 percent and 31 percent lower. In con-
trast, F2 embryos were 56 percent heavier than those of F1 kernels but 
their progeny yields of grain and stover were 28 and 11 percent lower, 
respectively, than those of F 1 seed. F 3 seeds weighed somewhat less than 
F2 seeds, being produced on less vigorous plants, but the progeny grain 
and stover yields were almost identical for both generations. The em-
bryos of F1 double cross seed averaged 51 percent heavier than those 
of F 1 single cross seed, yet their progeny grain and stover yields were 
not significantly different. 
Table 16. The comparative kernel and embryo-weight of seed planted and progeny 
performance1 of homozygous seed, F1, F2 and F3 single cross seed, and 
F, and F2 double cross seed, of locally adapted dent corn. 1946. 
Description of seed p lanted Progeny performance 
Weight per 100 Yield per acre 
No. of ( 15 % moisture) ( 15 % moisture) 
Genera- lines Embryos Date Ht. Grain Stover R atio 
tion or hy- in of grain 
of brids Kern- tas- stalk to 
seed 2 aver- els Ac- I R ela - sel Ac- / R ela- Ac- / R ela - Stover 
aged tual live tual ttve tual lI VC 
Gms. Gms. % I ns. Bu. % Lbs. % 
Homozygous Lines 
Inbred' 5 21.3 2.00 97 8/8 73 17.9 32 1942 69 .52 
F ' 1 5 21.4 2.07 
Single-cross 
100 7 / 30 
H ybrids 
94 56.6 100 2856 100 I.II 
F, 5 33.3 3.23 156 8/ 2 87 40.7 72 2540 89 .90 
F, 5 29.8 2.83 137 8/ 2 88 40.2 71 2552 89 .88 
F, 5 32.9 3.12 
Dou hie-cross H ybrids 
151 7/29 93 54.9 97 2940 103 1.05 
F, 5 31.8 3.03 146 7 /30 89 48.2 85 2675 93 1.01 
1 Yields based on middle rows of 3-row plots, 10 hi1ls lo ng, a nd thinned at random to 2 
plants per hill . Six randomized replications. 
-i Generation of seed was advanced by sibbing. 
3 R esults of inbred lines are weighted according to the number of times that each line en ters 
into hybrid combination . 
4 The F1 seed is relatively small because it is p roduced on inbred plants. 
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